Microbial etiology for anti-osteoclastic drug-related osteonecrosis of the jaw (ARONJ) was 25
suggested. This study investigates any link between bacteria colonizing ARONJ sites and other 26 oral cavity sites. 27 Microbiota samples of 10 ARONJ patients were collected from the exposed bone, adjacent teeth, 28 contra-lateral teeth and tongue. DNA checkerboard hybridization was used for microbiota 29 analysis with probes from human genomic DNA of 38 bacterial and 5 candida species guided by 30 Socransky's bacterial complexes. Frequency and mean proportion of each bacterial species were 31 used. 32 E. corrodens, S. constelatus and F. nucleatum were dominant in the ARONJ sites, and detected 33 in most teeth samples. S. aureus was also dominant in ARONJ sites and tongue. Significant 34 correlations were found between mean proportions of bacterial species colonizing adjacent teeth, 35 contra-lateral teeth and tongue (p<0.001, R 2 >0.69). No significant correlation (p>0.05, 36 R 2 <0.025) was found between bacteria colonizing ARONJ sites and other evaluated sites. 37
Within the study limitations, it was concluded that the primary sources of microorganisms 38 colonizing ARONJ sites could be other sites such as teeth and tongue. The microbial profile of 39 the necrotic bone is predominantly colonized by bacteria from Socransky's green and orange 40 complexes, as well as with species associated with bone infections. Therefore, the aim of this study was to determine if the profile of bacterial species colonizing 71 ARONJ sites could be linked to the oral microbiota of other sites of patients with this condition. 72
Materials and methods 73

ARONJ patients 74
This study was approved by the McGill University Health Center Research Ethics Board. Patients with history of radiation to the head and neck area were excluded from the study. 83
Details about patient age, gender, bisphosphonates, co-medications, periodontal health, main 84 complaint and site of bone necrosis were documented. 85
Microbial sample collection 86
Microbial samples were collected using a microbrush (Microbrush International, Grafton, WI, 87 USA) by rubbing it till saturation for 30 seconds. The use of microbrush was shown to be a 88 suitable method for microbial biofilm collection (do Nascimento et al. 2009 ). Given possible 89 inaccuracy in measuring the weight of the samples, we used standard-sized microbrush tips that 90 D r a f t 6 are capable to absorb a volume of about 6 µL. To avoid any contamination, all microbrushes 91 were sterilized and stored in sealed packs before use. At the time of sample collection, the 92 microbrushes were uncovered, and direct collection of sample from the exposed necrotic bone, 93 the supragingival part of the immediately adjacent teeth, the contra-lateral teeth and the dorsal 94 surface of the tongue was obtained. Particular attention was paid to avoid any contact or 95 contamination of the microbrushes with any other sites of the mouth. Immediately after 96 collection, samples were individually disposed into microtubes containing 150 µl of TE (10Mm 97
Tris-HCl, 1Mm EDTA pH 7.6) and then 150 µl of 0.5M sodium hydroxide to cause cell lysis and 98 expose genetic material, according to protocol proposed by Socransky et al. (1994) . Next, the 99 microtubes were transported to the laboratory and stored at 4°C till DNA checkerboard 100 hybridization. Sample collection did not cause any pain or discomfort to the patients and was 101 performed without local anaesthesia. 102
DNA checkerboard hybridization 103
Bacterial and fungal DNA hybridization was performed using the checkerboard method as 104 described previously (do Nascimento et al. 2010; Jabbour et al. 2013; Sunde et al. 2000) . 105
Hybridization probes were prepared by direct labeling (Amersham Gene Images AlkPhos Direct 106
Labelling and Detection System, GE Healthcare, Buckinghamshire, UK) of genomic DNA from 107 the 38 bacterial and 5 candida species listed in Table 1 . Bacterial probe selection was based on 108 relevance of the species to human oral health and guided by bacterial complexes described by 109 Socransky et al. (Socransky et al. 1998) . Suitable specificity and sensitivity of these probes were 110 already tested and optimized for the detection of 10 4 cells (Socransky et al. 2004 analyzed target species were mixed in a single tube, denatured, precipitated and applied on the 116 membranes. Samples were fixed on the hybridization membrane using vacuum and baked for 2 117 hours at 80°C. Membranes were then pre-hybridized using an oven shaker (Amersham 118 Biosciences) to control for temperature and humidity. Labeled probes were then introduced using 119 a Miniblotter 45 device (Immunetics, Immunetics, Cambridge, MA, USA), and the membranes 120 hybridized overnight at controlled temperature and humidity under gentle agitation. After 121
washing, hybridization signals were detected by chemiluminescence using CDP-Star reagent 122 (GE Healthcare), and membranes were exposed to ECL Hyperfilm-MP during 60 minutes (GE 123 Healthcare). Hyperfilm images were digitized and quantified using TotalLab Quant analysis 124 software (TotalLab Life Science Analysis Essentials, Newcastle upon Tyne, UK). 125
Statistical analyses 126
To adjust for any potential variation in the volume or weight of the samples, the mean proportion 127 was used by calculating the percentage of each detected microbial species within each sample 128 and then the percentages were averaged for each collection site using the formula below 129 proportions of bacterial species colonizing the exposed bone, adjacent teeth, contra-lateral teeth 137 and tongue. Pairwise Wilcoxon signed rank test was used for within-group comparisons of mean 138 bacterial proportions colonizing the adjacent and contra-lateral teeth. Mann-Whitney U test was 139 used for comparisons of mean proportions of bacteria colonizing the sites of ARONJ and tongue 140 between patients with or without dentures. All statistical analyses were performed using SPSS 19 141 with significance level p<0.05. 142
Results 143
Patients' characteristics 144 ARONJ was noted clinically as exposed bone surrounded by inflamed soft tissues. A total of 10 145 ARONJ patients (male = 5, female = 5, mean age = 73.2 ± 10.8 years) were identified. Patients' 146 characteristics are presented in Table 2 . Exposure to bisphosphonates ranged from 1 to 8 years; 147 subcutaneous denosumab and intravenous bisphosphonates were prescribed for 7 patients as 148 adjuvant cancer medication, and oral bisphosphonates for 3 patients to treat osteoporosis; 149 prednisone was the most frequent co-medication and was prescribed to 4 patients; seven patients 150 had taken antibiotics in the 6 months prior to sample collection for systemic and/or oral infection 151 control; only 2 patients were totally edentulous; multiple sites of bone exposure were noted in 3 152
patients. 153
Microbiological results 154 D r a f t 9 All probes hybridized with microbial whole genome extracted from the oral samples of ARONJ 155 patients. Most dominant bacteria in the site of exposed bone were E. corrodens, S. gordonii, S. 156
constelatus, F. nucleatum, E .faecalis and S. aureus. E. corrodens was the only bacterial species 157
detected in all sites of exposed bone (Table 3) proportions of the bacterial species colonizing the adjacent teeth, contra-lateral teeth and tongue. 164
However, no correlation was found between the mean proportions of bacterial species colonizing 165 the exposed bone and any other collection site in the mouth of ARONJ patients (Figure 2) . 166
167
The mean proportion of S. mutans was significantly higher in the teeth adjacent to the exposed 168 bone compared to the contra-lateral teeth (Figure 1) . Conversely, the mean proportions of C. 169 krusei, K. pneumonia and N. mucosa were significantly higher in the contra-lateral teeth when 170 compared to the teeth adjacent to the exposed bone. E. faecalis displayed the same tendency but 171 the difference did not reach statistical significance (p=0.07) (Figure 1) . 172
Only few species showed statistically significant difference when comparing patients with or 173 without dentures. Significantly higher proportions of P.micra (p=0.019) and T denticola 174 (p=0.038) was found in the sites of exposed bone in patients wearing dentures compared to 175 patients without dentures. C.krusei and M.salivarium had the same trend but did not reach 176 statistically significant difference (p=0.067). The proportions of E. Faecalis was significantly 177 D r a f t 10 higher (p=0.038), and the proportions of T.denticola tended to be significantly higher (p=0.067) 178 in bacterial samples taken from the tongue of patients without dentures compared to patients with 179 dentures 180
Discussion 181 Only few studies in the literature used molecular techniques to investigate the role of oral 182 microbiota in the development of ARONJ (Ji et al., 2012; Wei et al., 2012) . In the present 183 investigation we employed the DNA checkerboard method using 43 genomic DNA probes 184 prepared from human oral bacteria and fungi to assess any link between microorganisms 185 colonizing the site of ARONJ and other sites of the oral cavity such as the teeth and the tongue. 186
Our study showed that the exposed bone exhibited a distinguishable bacterial profile from the 187 other sites of the oral cavity. The remarkable presence of E. corrodens, in all sites of ARONJ, 188 independently from its mean proportions, suggests a role of this species in the development of 189 bone necrosis. This is consistent with previous reviews suggesting certain presence of Eikenella 190 in the sites of bisphosphonates osteonecrosis (Hinson et al. 2014) . E. corrodens is a negative facultative anaerobic bacillus and part of Socransky's green complex (Socransky et al. 192 1998) . It has been identified in dentoalveolar abscess, osteoradionecrosis and it is possibility 193 implicated in periodontal diseases (Kolenbrander et al. 2002; Store et al. 2005) . In addition, the 194 abundant presence of both S. constelatus and F. nucleatum was noted in the present 195 investigation. These species are recognized as opportunistic pathogenic bacteria. They are part of 196 Socransky's orange complex, and could be associated with infection of non-periodontal sites 197 (Socransky et al. 1998; Store et al. 2005) . Bacteria from the red complex (T. forsythia, P. 198 gingivalis and T. denticola) were also found in our samples from exposed bone but in less 199 D r a f t 11 abundance. Species of this complex exhibit close relationship with species from the orange 200 complex. They might not be able to colonize without the previous presence of bacteria from the 201 orange complex (Socransky et al. 1998 ). In our cohort, patients wearing dentures seemed to have 202 higher bacterial proportions from Socransky's red complex in the sites of exposed bone 203 compared to patients without dentures. 204
In the present investigation, E. corrodens, S. constelatus and F. nucleatum were also found in 205 almost all the samples collect from the adjacent and contra-lateral teeth, and detected in lower 206 abundance in samples taken from the tongue. This suggests that bacteria from green and orange 207 complexes colonizing the teeth and tongue of ARONJ patients might be synergistically 208 implicated in the development of necrosis. 209
Furthermore, S. aureus was the 6th most dominant species in the site of exposed bone and had 210 high proportions in samples taken from the tongue. The remarkable presence of S. aureus in 211 bone samples could be explained by this species' ability to adhere to bone by means of its 212 collagen receptors (Holderbaum et al. 1987) . Its high incidence in samples taken from the 213 exposed bone could also be related to an enhanced adhesion promoted by bisphosphonates 214 (Kobayashi et al. 2010; Kos et al. 2013) . 215
A particular feature of bone infections by S. aureus and E. corrodens species is the destruction of 216 mineralized tissue resulting from the ability of S. aureus protein A to activate nuclear factor 217 kappa B, which in turn activates osteoclastic activity in the area of infection (Claro et al. 2013) . 218 E. corrodens also produces a surface-associated material that stimulates the synthesis of Tumor 219
Necrosis Factor alpha (TNFα) leading to potent bone resorption (Meghji et al. 1995; Meghji et 220 al. 1994 ). Although bone resorption was not measured clinically or radiographically in the 221 D r a f t 12 current investigation, it was not visually apparent in our cohort of patients. It is known that 222 bisphosphonates and RANKL inhibitors decreases osteoclastic activity and reduce bone 223 resorption. Therefore, the absence of bone resorption in the area of necrotic bone could be the 224 direct result of bisphosphonates and RANKL inhibitors administration (Jabbour et al. 2016) . 225
The results of the present study showed rare presence of A. actinomycetemcomitans in the sites 226 of ARONJ. This observation is consistent with Wei et al. who reported low incidence of A. 227 actinomycetemcomitans in their bone samples using molecular techniques (Wei et al. 2012) . In the current investigation, significant correlations were found between the mean bacterial 234 proportions colonizing the adjacent teeth, contra-lateral teeth and tongue. These correlations 235 suggest that the prescribed medications had similar impact on the bacteria colonizing the surface 236 of vital structures such as teeth and tongue, but not the surface of necrotic exposed bone. 237
Differences noted in the proportions of species colonizing the exposed bone, tongue and the 238 supragingival dental biofilm could be attributed to the distinct surface characteristics of each, and 239 the inherent ability of specific microbial species to selectively colonize them. In the present 240 study, we included samples from the tongue since previous reports showed that the dorsum of the 241 tongue could house an organized biofilm and act as reservoir for the re-colonization of oral 242 surfaces by pathogenic species (Faveri et al. 2006; Mager et al. 2003) . 243 D r a f t 13 Differences in the mean proportions of C. krusei, E. faecalis, K. pneumonia, N. mucosa and S. 244 mutans colonizing the adjacent and contra-lateral teeth, although significant, were small ( Figure  245 1). In addition, there was a similar frequency of these species in the adjacent and contra-lateral 246 teeth ( Table 3 ), suggesting that they might not be directly related to the development of ARONJ. 247
In future studies, a longitudinal design could be useful to further investigate the link between 248 bacterial complexes and development of ARONJ. Although the cross-sectional design of the 249 current investigation provided information on the microbial species associated with ARONJ, it 250 does not provide information about the sequence of events that led to ARONJ and whether 251 ARONJ is the result of microbial infection with bacteria colonizing the teeth and tongue. do Nascimento, C., de Albuquerque, R.F., Jr., Monesi, N., and Candido-Silva, J. A. 2010. 282 Alternative method for direct DNA probe labeling and detection using the checkerboard 283 hybridization format. J. Clin. Microbiol. Hansen, T., Kunkel, M., Springer, E., Walter, C., Weber, A., Siegel, E., and Kirkpatrick, C.J. 289
2007. Actinomycosis of the jaws--histopathological study of 45 patients shows significant 290 involvement in bisphosphonate-associated osteonecrosis and infected osteoradionecrosis. 
